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Description 

This invention relates to internally manifolded 
fuel cell stacks, and in particular, a method and proc- 
ess for sealing fully internally manifolded ceil stacks 
with wet seals between only the electrolyte and met- 
allic separator plates to provide long term stability. 

Generally, fuel cell electrical output units are 
comprised of a stacked multiplicity of individual cells 
separated by inert or bi-polar electronically conduc- 
tive ferrous metal separator plates. Individual cells 
are sandwiched together and secured into a single 
stacked unit to achieve desired fuel cell energy out- 
put. Each individual cell generally includes an anode 
and cathode electrode, a common electrolyte tile, 
and a fuel and oxidant gas source. Both fuel and ox- 
idant gases are introduced through manifolds to their 
respective reactant chambers between the separator 
plate and the electrolyte tile. The area of contact be- 
tween the electrolyte and other ceil components to 
maintain separation of the fuel and oxidant gases and 
prevent and/or minimize gas leakage is known as the 
wet seal. A major factor attributing to premature fuel 
cell failure is corrosion and fatigue in the wet seal 
area. This failure is hastened by corrosive electrolyte 
contact at high temperatures and high thermal stress- 
es resulting from large temperature variations during 
thermal cycling of the cell causing weakening of the 
structure through intracrystalline and transcrystal- 
line cracking. Such failures permit undesired fuel 
and/or oxidant gas crossover and overboard gas leak- 
age which interrupts the intended oxidation and re- 
duction reactions thereby causing breakdown and 
eventual stoppage of cell current generation. Under 
fuel ceil operating conditions, in the range of about 
500° to 700° C, molten carbonate electrolytes are 
very corrosive to ferrous metals which, due to their 
strength, are required for fuel cell housings and sep- 
arator plates. The high temperature operation of 
stacks of molten carbonate fuel cells increases both 
the corrosion and thermal stress problems in the wet 
seal area, especially when the thermal coefficients of 
expansion of adjacent materials are different. 

This invention provides fully internal manifolding 
of the fuel and oxidant gases to the individual cells of 
an assembled stack in a manner utilizing electro- 
lyte/metal wet seals which, due to the design of the 
cell components, provides long term endurance and 
stability of fuel cell operation. 

Description of the Prior Art 

Commercially viable molten carbonate fuel cell 
stacks may contain up to about 600 individual cells 
each having a planar area in the order of 0,77 m 2 
(eight square feet). In stacking such-individual cells, 
separator plates separate the individual cells with fuel 
and oxidant each being introduced between a set of 



separator plates, the fuel being introduced between 
one face of a separator plate and the anode side of 
an electrolyte matrix and oxidant being introduced 
between the other face of the separator plate and the 

5 cathode side of a second electrolyte matrix. 

The emphasis in fuel cell development has been 
in external manifolding of the fuel and oxidant gases 
by using channel manifolds physically separable from 
the fuel cell stack. However, the inlets and outlets of 

10 each cell must be open to the respective inlet and out- 
let manifolds which must be clamped onto the exterior 
of the cell stack. To prevent electrical shorting, insu- 
lation must be used between the metal manifolds and 
the cell stack. External manifolding has presented se- 
ts rious problems in maintaining adequate gas seals at 
the manifold/manifold gasket/cell stack interface 
while preventing carbonate pumping within the gas- 
ket along the potential gradient of the cell stack. Va- 
rious combinations of insulating the metal manifold 

20 from the cell stack have been used, but with the dif- 
ficulty of providing a sliding seal which is gas tight and 
electrically insulating while being carbonate im- 
permeable under high temperature molten carbonate 
fuel cell operating conditions, no satisfactory solution 

25 has been found. The problem of manifolding and seal- 
ing becomes more severe when larger number of cells 
and larger planar areas are used in the cell stack. 
When greater number of cells are used, the electrical 
potential driving the carbonate in the seal area along 

30 the height of the stack increases, and when the planar 
area of the cell increases, the linear tolerances of 
each component and the side alignment of each com- 
ponent becomes extremely difficult to maintain in or- 
der to maintain the mating surface sealed between 

35 the manifold/manifold gasket/and cell stack. 

Cell stacks containing 600 cells can be approxi- 
mately 3m (10 feet) tall presenting serious problems 
of required stiffness of external manifolds and the ap- 
plication of a clamping force required to force the 

40 manifold onto the cell stack. Due to the thermal gra- 
dients between cell assembly and cell operating con- 
ditions, differential thermal expansions, and the nec- 
essary strength of materials used for the manifolds, 
close tolerances and very difficult engineering prob- 

45 lems are presented. 

Conventionally, stacks of individual molten car- 
bonate fuel cells have been constructed with spacer 
strips around the periphery of a separator plate to 
form wet seals and to provide intake and exhaust 

so manifolds. Various means of sealing in the environ- 
ment of the high temperature fuel cell wet seal area 
are disclosed in U.S. Patent 4,579,788 teaching the 
wet seal strips are fabricated utilizing powder metal- 
lurgy techniques; U.S. Patent 3,723,1 86 teaching the 

55 electrolyte itself is comprised of inert materials in re- 
gions around its periphery to establish an inert periph- 
eral seal between the electrolyte and frame or hous- 
ing; U.S. Patent 4,160,067 teaching deposition of in- 
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ert materials onto or impregnated into the fuel cell 
housing or separator in wet seal areas; U.S. Patent 
3,867,206 teaching a wet seal between electrolyte- 
saturated matrix and electrolyte saturated peripheral 
edge of the electrodes; U.S. Patent 4,761 ,348 teach- 5 
ing peripheral rails of gas impermeable material to 
provide a gas sealing function to isolate the anode 
and cathode from the oxidant and fuel gases, respec- 
tively; U.S. Patent 4,329,403 teaching graded electro- 
lyte composition for more gradual transition in the 10 
coefficient of thermal expansion in passing from the 
electrodes to the inner electrolyte region; and U.S. 
Patent 3,514,333 teaching housing of alkali metal car- 
bonate electrolytes in high temperature fuel cells by 
use of a thin aluminum sealing gasket. None of the 15 
above patents deal with sealing around internal fuel 
and oxidant in fuel cell stacks. 

Gas sealing of a phosphoric acid fuel cell, which 
operates at about 150° to 220° C, by filling the pores 
of a porous material periphery of the cell constituents 20 
with silicon carbide and/or silicon nitride is taught by 
U.S. Patent 4,781,727; and by impregnating intersti- 
tial spaces in substrate plate edge is taught by U.S. 
Patents 4,786,568 and 4,824,739. The solution of 
sealing and corrosion problems encountered in low 25 
temperature electrolytic cells, such as bonding gran- 
ular inert material with polytetrafluorethylene as 
taught by U.S. Patent 4,259,389 gaskets of polyethy- 
lene as taught by U.S. Patent 3,012,086; and "O" ring 
seals taught by U.S. Patent 3,589,941 for internal 30 
manifolding of fuel only are not suitable for high tem- 
perature molten carbonate fuel cells. 

U.S. Patent 4,510,213 teaches transition frames 
surrounding the active portion of the cell units to pro- 
vide fuel and oxidant manifolds to the gas compart- 35 
ments of the individual cells, the manifolds not pass- 
ing through the separators nor the electrolyte tiles of 
the cells. The transition frames require complicated 
insulating between adjacent cells and are made up of 
several separate and complicated components. U.S. 40 
Patent 4,708,916 teaches internal manifolding of fuel 
and external manifolding of oxidant for molten car- 
bonate fuel cells wherein sets of fuel manifolds pass 
through electrodes as well as electrolytes and sepa- 
rators in a central portion and at opposite ends of the 45 
individual cells to provide shortened fuel flow paths. 
The end fuel manifolds are in a thickened edge wall 
area of the separator plate while the central fuel 
manifolds pass through a thickened central region 
and sealing tape impregnated with carbonate or sep- so 
arate cylindrical conduit inserts are provided extend- 
ing through the cathode. 

Internal manifolding has been attempted wherein 
multiple manifold holes along opposite edges of the 
cell have been used to provide either co- or counter- 55 
current flow of fuel and oxidant gases. These mani- 
fold holes for fuel have been located in a broadened 
peripheral wet seal area along opposing edges, but 



the manifolds have been complicated structures ex- 
terior to the electrolyte or pass through at least one 
of the electrodes. However, adjacent manifold holes 
are used for fuel and oxidant which provides short 
paths across a short wet seal area and leakage of the 
gases as well as the necessarily broadened periph- 
eral seal area undesirably reducing the cell active 
area. Likewise, prior attempts to provide internal 
manifolding have used multiple manifold holes along 
broadened peripheral wet seal areas on each of all 
four edges of the cell to provide cross flow, but again 
short paths between adjacent fuel and oxidant mani- 
fold similar complicated structures and holes caused 
leakage of the gases and further reduced the cell ac- 
tive area. 

SUMMARY OF THE INVENTION 

This invention provides fully internally manifold- 
ed fuel cell stacks, especially suitably for use in high 
temperature molten carbonate fuel cell stacks. The 
fully internally manifolded fuel cells of this invention 
are suitable for any cell having planar components, 
especially high temperature fuel cells such as solid 
oxide fuel ceils. In a generally rectangular fuel cell 
stack a plurality of fuel cell units, each fuel cell unit 
comprising an anode and a cathode, an electrolyte in 
contact on one side with the anode and in contact on 
the opposite side with the cathode, and a separator 
plate separating cell units between the anode of one 
cell and cathode of the adjacent cell forming an anode 
chamber between one side of the separator plate and 
the anode and a cathode chamber between the op- 
posite side of the separator plate and the cathode. 
The fuel cell units are stacked and provided with end 
plates having the same internal configuration as the 
separator plates forming half cells at each end and 
clamped to provide rigid structure to the fuel cell 
stack. In the fuel cell stacks of this invention, the elec- 
trolytes and separator plates have the same config- 
uration and extend to the edge of the fuel cell stack, 
while the electrodes and current collectors do not ex- 
tend to the edge of the fuel cell stack. The separator 
plates have a flattened peripheral wet seal structure 
extending to contact the electrolytes on each face of 
the separator plates completely around their periph- 
ery forming a continuous peripheral separator 
plate/electrolyte wet seal under cell operating condi- 
tions. 

The electrolytes and separator plates have a plur- 
ality of aligned perforations in desired locations, each 
separator plate perforation being surrounded by a 
flattened manifold wet seal structure extending to 
contact the electrolyte on each face of the separator 
plate forming a separator plate/electrolyte manifold 
wet seal under cell operating conditions surrounding 
each perforation to form a gas manifold through each 
perforation and extending through the cell stack. 
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Conduits or holes through the extended manifold wet 
seal structure provide gas communication between 
fuel manifolds and the anode chambers on one face 
of the separator plates and conduits or holes through 
the extended manifold wet seal structure provide gas 
communication between the oxidant manifolds and 
the cathode chambers on the other face of the sepa- 
rator plates. This structure provides fully internal 
manifolding of fuel and oxidant gases to and from 
each of the unit fuel cells in the fuel cell stack. 

The end plates are configured similarly to the 
separator plates on their inner sides and are provided 
with means for supply and exhaust from each of the 
sets of manifolds of the fuel cell stack. External 
means of supplying and exhausting fuel gas and ox- 
idant gas to the appropriate sets of manifolds at the 
end plate connections may be provided by any means 
known to the art. By "sets of manifolds" we mean a 
first set makes up the fuel inlets, a second set spent 
fuel outlets, a third set oxidant inlets, and a fourth set 
spent oxidant outlets. The perforations through the 
separator plates and electrolytes forming the mani- 
folds may be round, square, rectangular, triangular, or 
any other desired shape and size. While each such 
perforation is referred to as a single perforation, it 
may comprise baffling to provide desired gas distrib- 
ution. Any number of manifolds may be provided 
through the separator plates and electrolytes as nec- 
essary to provide desired gas flow quantities and pat- 
terns across the active areas of the cell. It is important 
in this invention to provide full wet seals directly be- 
tween the separator plate and electrolyte around 
each manifold with the edge of adjacent manifolds 
being separated by at least about 0.63 cm (0.25 inch). 
This invention also provides a continuous peripheral 
wet seal directly between the separator plate and 
electrolyte exterior to the regions of the internal mani- 
folds. 

In one preferred embodiment, the separator 
plates in accordance with this invention are thin 
pressed metal plates provided with corrugations in 
the fully active fuel cell area and pressed to form on 
one face the full peripheral and the manifold wet seal 
structures with an upstanding wet seal structure 
welded to the opposite face of the separator plate to 
provide full peripheral and the manifold wet seals be- 
tween the separator plate and electrolyte on opposite 
faces of the separator plates. Any structure may be 
used to provide the extended wet seal areas for form- 
ing wet seals directly between the separator plate and 
electrolyte, such as bars, strips formed by powder 
metallurgy techniques, and the like. 

In a preferred embodiment the conduits or holes 
through the extended manifold wet seal structure 
providing gas communication between the manifold 
and the anode and cathode chambers may be open- 
ings provided by appropriately corrugated metal or 
may be holes through sheet metal or bar structures. 



This invention provides simple wet seals be- 
tween flattened, thin sheet metal structures and elec- 
trolyte, thereby providing assured sealing of one gas 
conduit from the adjacent gas conduit. This provides 
5 effective means for providing fully internally mani- 
folded gas feed and removal from high temperature 
and corrosive fuel cells, such as, molten carbonate 
fuel cell stacks. Use of the structure of this invention 
also provides effective and varied means for provid- 
10 ing carbonate to multi-cell stacks. 

This invention provides a mass produceable con- 
figuration of the fuel cell components, particularly the 
separator plate and its cost effective fabrication. Use 
of the molten carbonate fuel cell units of this invention 
15 provides ease of assembly of the fuel cell stack and 
modularization for varying sizes of fuel cell stacks. 

This invention also provides a process for pro- 
duction of electricity using the fully internally mani- 
folded fuel cell stack, particularly, molten alkali metal 
20 carbonates fuel cell stacks. 

BRIEF DESCRIPTION OF THE DRAWING 

Further features of the invention will be apparent 
25 from the following detailed description of the inven- 
tion read in conjunction with the drawing, wherein: 

Fig. 1 is a schematic exploded side sectional view 

of a single cell along a diagonal to illustrate the 

principles of this invention; 
30 Fig. 2 is an exploded perspective view of a single 

cell unit of a fuel cell stack in accordance with one 

embodiment of this invention; 

Fig. 3 is a sectional side view of a peripheral wet 

seal area of a fuel cell according to one embodi- 
35 ment of this invention; 

Fig. 4 is a sectional side view of a single cell unit 

showing opening from a fuel manifold conduit to 

the anode compartment; 

Fig. 5 is a sectional side view of the cell unit 
40 shown in Fig. 4 showing opening from an oxidant 

manifold conduit to the cathode compartment; 

Fig. 6 is a front face view of another embodiment 

of a manifold plate for a fully manifolded fuel cell 

stack according to this invention; 
45 Fig. 7 is a opposite face view of the manifold plate 

shown in Fig. 6; 

Fig. 8 is an enlarged cross-sectional view along 
8-8 shown in Fig. 6; 

Fig. 9 is an enlarged cross-sectional view along 
so 9-9 shown in Fig. 6; and 

Fig. 10 is an enlarged cross-sectional view along 
10-10 shown in Fig. 6. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

55 

This invention is directed toward fully internally 
manifolded fuel cell stacks. In preferred embodi- 
ments the electrolyte tile is penetrated by the mani- 
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fold conduits and in specified areas the electrolyte 
contacts the separator plate to provide an electro- 
lyte/separator plate peripheral wet seal for contain- 
ment of fluids within the cell stack and an electro- 
lyte/separator plate manifold seal for isolation of reac- 
tant compartments and for direction of fluids into and 
out of reactant compartments within individual molten 
carbonate fuel cells. This invention preferably utilizes 
thin sheet separator plates having pressed seal areas 
extending from one face of the separator plate and 
thin sheet forms extending from the opposite face of 
the separator plate to form seal areas. The thin sheet 
seal areas afford limited flexibility and resilience to 
provide tight sealing. 

Referring to Figure 1 , a schematic exploded sec- 
tional view along a corner to corner diagonal of a sin- 
gle cell of a fuel cell stack according to this invention 
is shown which provides flow of fuel and oxidant gas- 
es fully internal to the cell stack. According to this em- 
bodiment, manifold holes are provided in the corner 
areas of the electrolyte which extends to the edge of 
the cell together with the cell separator plates. By con- 
tact between the electrolyte and the separator plate 
on each face forming conventional wet seals on each 
face around the periphery of the electrolyte, the con- 
tainment of the fluids is maintained. Through desired 
openings providing fluid communication between 
manifold holes and anode and cathode compart- 
ments, the desired gaseous flow may be obtained 
while providing sealing of the manifold holes with con- 
ventional electrolyte/separator plate wet seals. 

The matching manifold holes in the separator 
plates and electrolyte tiles form manifold conduits 
which are continuous for the entire height of the fuel 
cell stack for gas supply and exhaust. This invention 
provides that a manifold conduit extending to all cells 
in a fuel cell stack is supplied from a single external 
opening, whereas prior externally manifolded fuel cell 
stacks have required external openings to and from 
each individual fuel cell. The gases are fed to the fuel 
cell stack through an end plate which acts as one half 
cell and are exhausted through a similar end plate 
which acts as another half cell. 

The manner in which fluids are fed to and with- 
drawn from fuel cell stacks can take on a wide variety 
of variations, the important aspect with respect to the 
present invention being that gas sealing is accom- 
plished by sealing between the electrolyte tile and the 
separator plate in the conventional wet seal manner 
both around the periphery of the separator plate and 
in the gas manifold area as desired for conducting the 
gas to desired locations within each individual cell. 

As shown in Fig. 1, electrolyte 20 and separator 
plate 40 extend to the outer edge of the cell and are 
sealed to each other around their periphery in wet 
seal areas 23. In Fig. 1 , the individual molten carbon- 
ate fuel cell unit is shown with anode 26 spaced from 
one face of separator plate 40 to provide an anode 



chamber fed by fuel manifold hole 24 as indicated by 
arrow 38. On the other face of separator plate 40 cath- 
ode 27 is spaced from separator plate 40 to form a 
cathode chamber in communication with oxidant 

5 manifold holes 25 as indicated by arrow 39. Electro- 
lyte 20 and separator plate 40 extend to the outer 
edge of the cell forming peripheral wet seal areas 23 
which provide peripheral wet seals between the elec- 
trolyte and separator plate for containment of fluid. 

10 Fuel manifold wet seal area 45 and oxidant wet seal 
area 46 provide manifold sealing by electrolyte/sep- 
arator plate wet seals and provide desired guidance 
of fluid to anode and cathode chambers on opposite 
sides of separator plate 40. No additional gaskets are 

15 used for sealing and the cell unit can accomodate a 
wide variety of carbonate addition techniques, includ- 
ing use of carbonate tapes. When carbonate tapes 
are used, the carbonate tapes and electrolyte matrix 
extend to the cell edges and although the inter-cell 

20 spacing decreases in proportion to the thickness of 
the carbonate tapes when they melt, sealing and con- 
formity of all cell components is maintained at all 
times. During cell heat-up prior to carbonate tape 
melting, sealing is maintained around each manifold 

25 hole 24 and 25 because the carbonate tapes and the 
electrolyte matrix, such as LiAI0 2 , extend adjacent to 
the respective sealing surfaces and contain a rub- 
bery binder. During binder burnout, which occurs pri- 
or to carbonate melt, gas flows are maintained and 

30 sealing is obtained. When the binder is burned off and 
the cell temperature raised to the melting point of the 
carbonate, the melting carbonate is absorbed by the 
porous LiAI0 2 tape and the electrodes. The inter-cell 
spacing decreases as the carbonate tapes melt but at 

35 all stages from room temperature to operating tem- 
peratures of about 650° C. cell sealing is maintained. 
The limited flexibility and resiliency of the thin sheet 
metal in the seal areas aids in assuring maintenance 
of cell sealing. 

40 Fig. 2 is a perspective exploded view of a fuel cell 

unit of a molten carbonate fuel cell stack according to 
one embodiment of this invention with separator 
plates 40, cathode 27, cathode current collector 28, 
electrolytes 20, anode 26 and anode current collector 

45 29. Both separator plates 40 and electrolytes 20 ex- 
tend to the edge of the cell and form wet seals on both 
faces of separator plates 40 around its entire periph- 
ery in peripheral wet seal areas 43. Peripheral wet 
seal areas 43 are extended both upwardly and down- 

so wardly from the general plane of separator plate 40 to 
provide contact with the periphery of electrolytes 20 
on both faces of separator plate 40. Separator plates 
40 and electrolyte tiles 20 are both penetrated by cor- 
responding fuel manifold holes 24 and oxidant mani- 

55 fold holes 25. In the embodiment shown in Fig. 2, both 
separator plates 40 and electrolyte tiles 20 are pene- 
trated only in their corner areas by manifold holes to 
provide the longest possible spacing between the 
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manifold holes. As shown in Fig. 2, it is preferred to 
have a manifold hole in each corner of separator 
plates 40 and electrolyte tiles 20. While the manifold 
holes shown in Fig. 2 are a preferred triangular shape 
providing easily formed straight thin sheet manifold 5 
wet seal areas, the manifold holes may be round, rec- 
tangular or any other desired shape. The manifold 
holes shown in Fig. 2 are single openings, but parti- 
tions may be used in the single openings as desired 
to direct gas flow across the cell reactant chambers. 10 
Fuel manifold wet seal areas 45 and oxidant manifold 
wet seal areas 46 are extended both upwardly and 
downwardly from the general plane of separator plate 
40 to provide contact with the electrolyte 20 on both 
faces of separator plate 40 to form wet seals with the 15 
adjacent electrolyte 20 defining the gas conduits. The 
surface of anode 26 is about flush with the level of 
peripheral wet seal 43 and oxidant manifold wet seal 
46 to provide wet seal contact between separator 
plate 40 and electrolyte 20 in those areas. On the op- 20 
posite face of separator plate 40, the surface of cath- 
ode 27 is about flush the level of peripheral wet seal 
43 to provide fuel manifold wet seal 45 contact be- 
tween separator plate 40 and electrolyte 20 in those 
areas. 25 

As best seen in Fig. 2, oxidant manifold holes 25 
are sealed by oxidant manifold wet seals 46 providing 
oxidant flow only to the cathode chamber (adjacent 
the upper face of the separator plate as shown) by ox- 
idant supply openings 48 and preventing gas flow to 30 
or from the anode chamber while fuel manifold holes 
24 are sealed by fuel manifold wet seals 45 providing 
fuel flow by fuel supply openings 47 to the anode 
chamber (adjacent the lower face of the separator 
plate as shown) and preventing gas flow to or from 35 
the cathode chamber. While the manifold wet seals 
are shown as straight pressed sheet metal struc- 
tures, they can be any desired shape or structure to 
prevent gas flow. The manifold wet seals form a dou- 
ble wet seal between fuel manifold hole 24 and oxi- 40 
dant manifold hole 25. 

Separator plates 40 may be comprised of suitable 
materials providing desired physical strength and gas 
separation. In many cell stacks it is preferred to use 
bimetallic separator plates in which stainless steel as 
may be used on the cathode face and nickel or copper 
on the anode face to avoid ferrous metal corrosion. 
Separator plates may also be fabricated from ferrous 
alloys, such as type 300 series stainless steel alloys. 
The separator plates provide the dual function of pro- 50 
viding a gas chamber non-reactive separator as well 
as providing structural strength to the fuel cell as an 
internal load bearing member. While it is preferred to 
use separator plates having a corrugated cross- 
sectional shape to provide both strength and better 55 
gas circulation adjacent the electrodes, the principles 
of this invention are also applicable to flat separator 
plates structured to provide peripheral wet seal areas 



and to provide wet seals around internal manifold 
holes while allowing gas to pass to and from the in- 
ternal manifolds as required for fuel cell operation. 
The fuel cell stack internal separator plates are desir- 
ably very thin sheets, in the order of about 0.025 cm 
(0.010 inch). 

Thin stamped stainless steel plates have been 
used in heat exchange technology as exemplified by 
the publications "Modern Designs For Effective Heat 
Transfer," American Heat Reclaiming Corp., 1270 
Avenue of the Americas, New York, New York 10020 
and "Superchanger Plate and Frame Heat Exchang- 
er," Tranter, Inc. Wichita Falls, Texas 76307. These 
heat exchangers use a series of gasketed embossed 
or pressed metal plates bolted together between end 
frames to provide channels for passage of hot me- 
dium on one side of the plate and passage of cold me- 
dium on the other side of the plate. However, fuel cell 
stack separator plates present very different prob- 
lems of sealing and corrosion under molten alkali met- 
al carbonates fuel cell operating conditions and dif- 
ferent manifold configuration, sealing, and fluid com- 
munication means since two fluids must pass in sepa- 
rated relation between adjacent separator plates. In 
heat exchange, only one fluid passes between adja- 
cent heat exchange plates. However, the technology 
of fluid flow over the electrodes of the fuel cell stack 
of this invention may advantageously utilize design 
techniques and patterns of plate heat exchangers, 
such as herringbone, washboard, straight corruga- 
tions and mixed corrugations. 

Fig. 3 shows in more detail a peripheral wet seal 
area in accordance with one embodiment of this in- 
vention wherein thin sheet separator plate 40 is cor- 
rugated with the peaks on one face of the corruga- 
tions adjacent cathode 27 support plate 28 with per- 
forations 29 and formed to have flat thin sheet sepa- 
rator plate seal area 44 which lies adjacent electrolyte 
20 on the cathode face of the cell. Separator plate wet 
seal strip 41 formed from thin metal strip material is 
welded by welds 42, or otherwise attached, to the 
anode face of separator plate 40 to provide flat sep- 
arator plate wet seal strip wet seal area 43 which lies 
adjacent electrolyte 20 on the anode side of the cell. 
It is readily apparent that the position of the separator 
plate and the wet seal strip may be reversed and that 
spacing of separator wet seal strip wet seal area 43 
and separator wet seal area 44 may be formed to fit 
the spacing requirements of individual cells. 

Fig. 4 shows in cross-sectional view through a 
conduit between fuel manifold 24 and the anode 
chamber the manner in which separator plate fuel 
manifold wet seal area 45 between the lower face of 
separator plate 40 and electrolyte 20 prevents fuel 
flow to the cathode chamber and provides fuel flow 
to the anode chamber between anode 26 and the up- 
per face of separator plate 40. Likewise, Fig. 5 shows 
in cross-sectional view through a conduit between ox- 
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idant manifold 25 and the cathode chamber the man- 
ner in which separator plate oxidant manifold wet seal 
area 44 between the upper face of separator plate 40 
and electrolyte 20 prevents oxidant flow to the anode 
chamber while providing oxidant flow to the cathode 
chamber between cathode 27 and the lower face of 
separator plate 40. The fuel and oxidant passages 
may be formed by corrugations in separator plate 40, 
by holes through a strip fastened to separator plate 
40, or by any other means suitable to distribute the 
gases as desired. 

Another embodiment of a separator plate accord- 
ing to this invention is shown in Figs. 6-1 0. In this em- 
bodiment, fuel supply and oxidant supply manifolds 
are arranged alternately along opposite ends of the 
thin sheet separator plate and spent fuel and spent 
oxidant manifolds are arranged alternately across a 
central region of the thin sheet separator plates to 
provide a split gas flow and greater mechanical sta- 
bility of thin separator plates of large surface area. 
The thin metal separator plates are constructed in the 
same fashion as described above with pressed corru- 
gations in the active areas to support the electrodes 
and to provide appropriate anode and cathode gas 
chamber volume and with pressed areas extending 
outwardly from the plane of the thin separator plate 
to form thin plate wet seal areas on one face of the 
plate and an attached outwardly extending thin 
formed sheet metal strip to form wet seal areas on the 
other face of the separator plate. Fig. 6 shows the top 
or front face of a separator plate while Fig. 7 shows 
the reverse face of the same separator plate. The 
electrochemically active areas of separator plate 140 
are corrugated, as best seen in Fig. 9, with pressed 
periphery wet seal area 123 extending beyond the 
corrugations for contact with the electrolyte of one 
cell at periphery wet seal area 123, and pressed thin 
metal wet seal strip 141 attached to the periphery of 
the opposite face of separator plate 140 and extend- 
ing beyond the corrugations to contact the electrolyte 
of the adjacent cell at periphery wet seal area 123. 
Oxidant manifold holes 125 are arranged alternately 
to fuel manifold holes 124 across opposite end re- 
gions and oxidant manifold holes 125A arranged al- 
ternately to fuel manifold holes 124Ain the central re- 
gion of separator plate 140. The series of oxidant 
manifold holes and fuel manifold holes, as shown in 
these figures, provide fuel and oxidant supply at op- 
posite ends of separator plate 140 and fuel an oxidant 
removal in the central portion of separator plate 140. 
As best seen in Fig. 8, oxidant as supplied through 
manifold holes 125 and pass through oxidant supply 
openings 148 to the active surface of separator plate 
140, as shown by the arrows in Fig. 6. The oxidant 
passes through the channels of corrugated separator 
plate 140 forming the cathode gas compartment to 
oxidant outlet openings 158, as shown by the arrows 
in Fig. 6, feeding oxidant manifold holes 125A. In a 



similar fashion, fuel is supplied through fuel manifold 
holes 124 to fuel supply openings 147, passes 
through channels of corrugated separator plate 140 
forming the anode gas compartment to fuel outlet 

5 openings 157, as shown by the arrows in Fig. 7, feed- 
ing fuel manifold holes 124A. 

The co-linear flow of fuel and oxidant gases on 
opposite faces of the separator plate is shown in Figs. 
6 and 7 with the supply manifolds at opposite ends of 

10 the separator plate and the outlet manifolds in a cen- 
tral region of the separator plate. Using the same sep- 
arator plate reversed co-linear flow of fuel and oxi- 
dant gases on opposite faces of the plate may be ob- 
tained by using the central fuel and oxidant manifolds 

15 for supply and the end fuel and oxidant manifolds for 
outlets. Using the same separator plates counterf low 
of fuel and oxidant gases on opposite faces of the 
separator plate may be obtained by supplying one of 
the fuel or oxidant through the central fuel or oxidant 

20 manifolds while withdrawing the gas through corre- 
sponding outlet manifolds at both ends and introduc- 
ing the other gas through the end manifolds and with- 
drawing through the central manifolds. It is thus seen 
that various desired gas flow patterns may be ob- 

25 tained on opposite faces of the separator plate 
through use of the identical separator plate and only 
altering the supply to the manifold or manifolds exter- 
ior to the cell. 

We have found that by using thin metal sheet ma- 

30 terial in all wet seal areas of the separator plate, due 
to the limited flexibility and resiliency in the wet seal 
area upon assembly of the fuel cell stack minimiza- 
tion or prevention of gas leakage can be achieved 
across wet seals at least 1/4 inch wide separating ad- 

35 jacent fuel and oxidant manifolds. The thin sheet met- 
al separator plates according to this invention show 
good mechanical strength and provide ease of fabri- 
cation. The split flow design of separator plates as 
shown in Figs. 6-10, provides increased stiffness to 

40 the overall separator plate by the support of wet seal 
areas surrounding the manifold holes in the central 
portion of the plate. This design also allows fabrica- 
tion of electrodes that are only a portion, in this case, 
half of the active current producing area of the fuel 

45 cells, facilitating handling of the electrodes and allow- 
ing continuous processing such as tape casting and 
sintering to be performed with smaller equipment. An 
important feature of this invention is the flattened thin 
metal upstanding wet seal areas of the separator 

so plate providing contact directly with the electrolyte of 
one cell on one face and the adjacent cell on the op- 
posite face, the fuel and oxidant conduits passing 
through only the separator plates and the electrolytes 
in the fuel cell stack. 

55 By use of separator plate/electrolyte wet seals, 

communication between the fuel manifold and only 
the anode face of the separator plate and between 
the oxidant manifold and only the opposite cathode 
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face of the separator plate, can be achieved without 
porous gaskets as are essential when external man- 
ifolding is used. Further, each gas manifold seal area 
may be aluminized to reduce corrosive and other 
wicking processes. 

Using the fully internal manifolding of this inven- 
tion, the inter-cell changes of distance resulting from 
melting of the carbonates tape occurs at the factory 
assembly site and once such melting occurs there are 
no further changes in inter-cell distances. The height 
of the cell stack shipped from the factory will be the 
same as that during operation in a pressure vessel at 
the use site. Thus, the only follow up required during 
fuel cell stack operation is that required to maintain 
the cell holding force on the active and seal areas. 



Claims 

1 . A generally rectangular fuel cell stack comprising 
a plurality of fuel cell units, each said fuel cell unit 
comprising an anode (26) and a cathode (27), an 
electrolyte (20) in contact with one face of said 
anode (26) and an electrolyte (20) in contact with 
an opposite facing face of said cathode (26), and 
a separator plate (40) separating said cell unit be- 
tween said anode (26) and cathode (27) forming 
an anode chamber between one face of said sep- 
arator plate (40) and said anode (26) and a cath- 
ode chamber between the opposite face of said 
separator plate (40) and said cathode (27), said 
anode chamber in gas communication with fuel 
gas supply and outlet and said cathode chamber 
in gas communication with oxidant gas supply and 
outlet, said electrolytes (20) and said separator 
plates (40) extending to the edge of said fuel cell 
stack, said separator plates (40) having a flattened 
peripheral wet seal structure (43) extending to con- 
tact said electrolytes (20) on each face of said sep- 
arator plates (40) completely around their periph- 
ery forming a separator plate/electrolyte wet seal 
under cell operating conditions, said electrolytes 
(20) and said separator plates (40) each having 
a plurality of perforations (24, 25) said perfora- 
tions (24, 25) in said separator plates (40) being 
surrounded by a flattened manifold wet seal 
structure (45, 46) extending to contact said elec- 
trolyte (20) on each face of said separator plate 
(40) forming a separator plate/electrolyte wet 
seal under cell operating conditions to form a 
plurality of gas manifolds extending through said 
cell stack, conduits through said extended mani- 
fold wet seal structure (45) providing fuel gas 
communication between one set of said mani- 
folds and said anode chambers on one face of 
said separator plates (40) and conduits through 
said extended manifold wet seal structure (46) 
providing oxidant gas communication between 



the other set of said manifolds and said cathode 
chambers on the other face of said separator 
plates (40), thereby providing fully internal man- 
ifolding of fuel and oxidant gases to and from 
5 each said unit cell in said fuel cell stack, charac- 

terized in 

that said perforations (24,25) in said separator 
plates (40) and in said electrolytes (20) are 
aligned in relation to each other and 

10 that said flattened peripheral wet seal structure 
(43) on one face of said separator plate (40) com- 
prises a pressed shaping (44) of said separator 
plate (40) to form said extended peripheral wet 
seal (43) on said one face of said separator plate 

15 (40) and on the other face of said separator place 

(40) comprises a pressed sheet metal shape (41) 
forming said extended peripheral wet seal (43) 
fastened to said other face of said separator 
place (40). 

20 

2. Af uel cell stack according to Claim 1 wherein end 
plates are configured the same as said separator 
plates (40) on their inner faces and form half cells 
on each end of said fuel cell stack. 

25 

3. A fuel cell stack according to Claim 1 or 2 wherein 
said separator plates (40) are pressed metal 
plates. 

30 4. A fuel cell stack according to Claim 1 wherein 
said extended manifold wet seal structure (45, 
46) on one face of said separator plate (40) com- 
prises a pressed shaping of said separator plate 
(40) to form said extended manifold wet seal on 

35 said one face of said separator plate (40) and on 
the other face of said separator plate comprises 
a pressed sheet metal shape forming said ex- 
tended manifold wet seal fastened to said other 
face of said separator plate (40). 

40 

5. A fuel cell stack according to Claim 1 or 4 wherein 
said conduits through said extended manifold 
wet seal structure are formed by corrugated met- 
al. 

45 

6. A fuel cell stack according to Claim 1 or 4 wherein 
said conduits through said extended manifold 
wet seal structure are holes through sheet metal 
structures. 

50 

7. A fuel cell stack according to Claim 1 wherein 
said perforations (24, 25) are in each corner area 
of said electrolytes and said separator plates 
(40). 

55 

8. A fuel cell stack according to Claim 10 wherein 
each of said perforations (24, 25) is triangular in 
shape having two sides parallel to the outer 
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edges of said cell stack. 



pel, der eine Vielzahl von einzelnen Brennstoff- 
zellen enthalt, von denen jede eine Anode (26) 
und eine Kathode (27) enthalt und einen Elektro- 
lyten (20), der auf einer Seite der Anode (26) auf- 
liegt und einen Elektrolyten, der auf einer gegen- 
uberliegenden Seite der Kathode (27) aufliegt 
und eine Separatorplatte (40), welche zwischen 
der Anode (26) und der Kathode (27) liegt, eine 
Anodenkammer auf einer Seite der Separator- 
platte (40) bildet, wahrend die andere Seite der 
Separatorplatte (40) eine Kathodenkammer bil- 
det, wobei die Anodenkammer mit einer Brenn- 
stoffgaszuf uhr und einem Auslass in Verbindung 
steht, wahrend die Kathodenkammer mit einer 
Sauerstoffgaszuf uhr und einem Auslass in Ver- 
bindung steht und wobei slch sowohl der Elektro- 
lyt (20) und die Separatorplatten (40) bis an den 
ausseren Rand des Brennstoffzellenstapels er- 
strecken, wobei die Separatorplatten periphere 
nasse Dichtungsgebilde aufweisen, die unter Be- 
triebsbedingungen flachenmassige nasse Dich- 
tungen (43) zwischen dem Elektrolyt (20) und der 
Separatorplatte (40) bilden, wobei sich die Dich- 
tungen entlang dem ganzen Umfang derZelle er- 
strecken und wobei die Elektrotyte (20) und die 
Separatorplatten (40) je eine Anzahl Durchlass- 
offnungen (24,25) aufweisen, wobei die Durch- 
lassoffnungen (24,25) In den Separatorplatten 
(40) von flachenmassigen nassen Dichtungsbe- 
reichen (45,46) umgeben sind, die auf jeder Seite 
der Separatorplatte (40) am Elektrolyten (20) an- 
liegen, so dass sie im Betrieb eine Dichtung zwi- 
schen Separatorplatte und Elektrolyt und durch 
den Zellenstapel hindurchfuhrende Gaskanale 
bilden, wobei die durch die erweiterten nassen 
Dichtungsbereiche (45) hindurchfuhrenden Ka- 
nale eine Brennstoffgaszuf uhr zu den Anoden- 
kammern auf einer Seite der Separatorplatten 
(40) bilden und die erweiterten nassen Dich- 
tungsbereiche (46) eine Sauerstoffgaszuf uhr 
des anderen Satzes von Kanalen auf der ande- 
ren Seite der Separatorplatten (40) eine Sauer- 
stoffgaszuf uhr zu den Kathodenkammern er- 
moglichen, so dass sie vollstandig im Innern des 
Zellenstapels gef uhrte Zu- und Abf uhrkanale von 
Brennstoff- und Sauerstoffgas zu jeder einzelnen 
Zelle des Stapels bilden, dadurch gekennzeich- 
net, dass 



die Durchlassoffnungen (24,25) in den Separa- 
torplatten (40) und in den Elektrolyten (20) auf- 
einander ausgerichtet sind und dass die flachen- 
massigen peripheren nassen Dichtungsgebilde 
(43) an einer Seite der Separatorplatte (40) eine 
aus der Platte gepresste Form (44) aufweisen 
und dass auf der anderen Seite der Separator- 
platte ein gepresster Metallstreifen (41) befestigt 
ist, welcher die periphere nasse Dichtung (43) 
auf der anderen Seite der Separatorplatte (40) 
bildet. 

2. Brennstoff zellenstapel nach Patentanspruch 1, 
dadurch gekennzeichnet, dass dessen Endplat- 

15 ten dieselbe Form wie die im Innern des Stapels 

angeordneten Separatorplatten (40) aufweisen 
und halbe Zellen bilden. 

3. Brennstoffzellenstapel nach Patentanspruch 1 
20 Oder 2, dadurch gekennzeichnet, dass die Sepa- 
ratorplatten (40) aus Metall gepresste Platten 
sind. 

4. Brennstoffzellenstapel nach Patentanspruch 1, 
25 dadurch gekennzeichnet, dass die Gebilde 

(45,46), welche die nassen Dichtungen der 
durchgehenden Kanale bilden, an einer Seite der 
Separatorplatte (40) aus einer Pressform dersel- 
ben bestehen, welche die erweiterte nasse Dich- 
30 tung auf der einen Seite bildet und auf der ande- 
ren Seite der Separatorplatte aus einem mit der 
Separatorplatte (40) verbundenen, gepressten 
Metallstreifen besteht, welcher die erweiterte 
nasse Dichtung auf der anderen Seite der Sepa- 
35 ratorplatte (40) bildet. 

5. Brennstoffzellenstapel nach Patentanspruch 1 
Oder 4, dadurch gekennzeichnet, dass die Lei- 
tungskanSle durch die erweiterten nassen Dich- 

40 tungsbereiche aus gewelltem Metall blech ge- 

formt sind. 

6. Brennstoffzellenstapel nach Patentanspruch 1 
Oder 4, dadurch gekennzeichnet, dass die Len 

45 tungskanale durch die erweiterten nassen Dich- 

tungsbereiche aus Oeffnungen in den Gebilden 
aus Blech bestehen. 

7. Brennstoffzellenstapel nach Patentanspruch 1, 
so dadurch gekennzeichnet, dass die Durchlassoff- 
nungen (24,25) in jeder Ecke sowohl in den Elek- 
trolyten und in den Separatorplatten (40) ange- 
bracht sind. 

55 8. Brennstoffzellenstapel nach Patentanspruch 7, 
dadurch gekennzeichnet, dass die Durchlassoff- 
nungen (24,25) eine Dreieckform aufweisen, von 
welcher zwei Seiten parallel zur Aussenform des 



9. A fuel cell stack according to Claim 1 wherein 
said electrolyte (20) comprises alkali metal car- 
bonates. 5 

Patentanspriiche 

1. Ein annahernd rechteckiger Brennstoffzellensta- 10 
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Zellenstapels vertaufen. 

9. Brennstoffzellenstapel nach Patentanspruch 1, 
dadurch gekennzeichnet, dass das Elektrolyt 
(20) Alkalimetall-Karbonate enthalt 



Revendications 

1. Empilement de cellules electrochimiques gen6- 
ralement recta ngul aire comprenant une plurality 
d'unites de cellule electrochimique, chacune 
desdites unites de cellule electrochimique 
comprenant une anode (26) et une cathode (27), 
un electrolyte (20) en contact avec une face de la- 
dite anode (26) et un electrolyte (20) en contact 
avec une face opposee en regard de ladite catho- 
de (26) et une plaque de separation (40) separant 
ladite unite de cellule entre ladite anode (26) et la- 
dite cathode (27) formant une chambre d'anode 
entre une face de ladite plaque de separation 
(40) et de ladite anode (26) et une chambre de 
cathode entre la face opposee de ladite plaque 
de separation (40) etde ladite cathode (27), ladite 
chambre d'anode en communication gazeuse 
avec I'alimentation en gaz electrochimiques et 
I'orif ice de sortie et ladite chambre de cathode en 
communication gazeuse avec i'alimentation en 
gaz oxydants et I'orif ice de sortie, lesdits electro- 
lytes (20) et lesdites plaques de separation (40) 
s'etendant vers le bord dudit empilement de cel- 
lules electrochimiques, lesdites plaques de sepa- 
ration (40) ayant une structure de joint humide ou 
mouille peripherique aplati (43) s'etendant en 
contact avec lesdits electrolytes (20) sur chaque 
face desdites plaques de separation (40) autour 
de toute leur peripherie formant un joint humide 
plaque de separation/electrolyte dans des condi- 
tions de fonctionnement de la cellule, lesdits 
electrolytes (20) et lesdites plaques de separa- 
tion (40) ayant chacune une pluralite de perfora- 
tions (24, 25), lesdites perforations (24,25) dans 
lesdites plaques de separation (40) etant entou- 
rees par une structure de joint humide de distri- 
bution aplati (45, 46) s'etendant en contact avec 
ledit electrolyte (20) sur chaque face de ladite pla- 
que de separation (40) formant un joint humide ou 
mouille plaque de separation/electrolyte dans 
des conditions de fonctionnement de la cellule 
afin de former une pluralite de distributeurs de 
gaz s'etendant a travers ledit empilement de cel- 
lules, des conduits a travers ladite structure de 
joint humide de distribution (45) procurant la 
communication de gaz electrochimiques entre 
un ensemble desdits distributeurs et desdites 
chambres d'anode sur une face desdites plaques 
de separation (40) et des conduits a travers ladite 
structure de joint humide de distribution prolonge 



(46) assurant ia communication de gaz oxydants 
entre I'autre ensemble desdits distributeurs et 
desdites chambres de cathode sur I'autre face 
desdites plaques de separation (40), procurant 

5 de ce fait une distribution totalement interne des 

gaz electrochimiques et oxydants vers et depuis 
chaque dite cellules unitaires dans ledit empile- 
ment de cellules electrochimiques, caracterise 
en ce que lesdites perforations (24, 25) dans les- 

w dites plaques de separation (40) et dans lesdits 

electrolytes (20) sont alignees les unes par rap- 
port aux autres et 

en ce que la structure de joint humide peripheri- 
que aplati (43) sur une face de ladite plaque de 

15 separation (40) comprend une forme pressee 

(44) de ladite plaque de separation (40) afin de 
former ledit joint humide ou mouille peripherique 
prolonge (43) sur ladite premiere face de ladite 
plaque de separation (40) et sur I'autre face de la- 

20 dite plaque de separation (40) comprend une for- 

me metallique en feuille press6e (41) formant le- 
dit joint mouille ou humide peripherique prolonge 
(43) fixe a ladite autre face de ladite plaque de se- 
paration (40). 

25 

2. Empilement de cellules electrochimiques selon 
la Revendication 1 , dans lequel des plaques d'ex- 
tremite sont configures de la meme maniere 
que lesdites plaques de separation (40) sur leurs 

30 faces internes et forment des demi-celiules a 
chaque extr6mite dudit empilement de cellules 
electrochimiques. 

3. Empilement de cellules electrochimiques selon 
35 la Revendication 1 ou 2, dans lequel lesdites pla- 
ques de separation (40) sont des plaques metalli- 
ques pressees. 

4. Empilement de cellules electrochimiques selon 
40 la Revendication 1, dans lequel ladite structure 

de joint mouille ou humide de distribution prolon- 
gee (45, 46) sur une face de ladite plaque de se- 
paration (40) comprend une forme pressee de la- 
dite plaque de separation (40) afin de former ledit 

45 joint humide de distribution prolonge sur ladite 

premiere face de ladite plaque de separation (40) 
et sur I'autre face de ladite plaque de separation 
comprend une forme de metal en feuille pressee 
formant ledit joint humide de distribution prolonge 

so fixe a ladite autre face de ladite plaque de sepa- 

ration (40). 

5. Empilement de cellules electrochimiques selon 
la Revendication 1 ou 4, dans lequel lesdits 

55 conduits a travers ladite structure de joint humi- 

de de distribution prolonge sont formes par un 
metal rainure. 
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6. Empilement de cellules electrochimiques selon 
la Revendication 1 ou 4, dans lequel lesdits 
conduits d travers ladite structure de joint humi- 
de de distribution prolonge sont des trous £ tra- 
vers les structures metalliques en feuille. 5 

7. Empilement de cellules electrochimiques selon 
la Revendication 1, dans lequel lesdites perfora- 
tions (24, 25) sont a chaque coin desdits electro- 
lytes et desdites plaques de separation (40). 10 

8. Empilement de cellules electrochimiques selon 
ia Revendication 7, dans lequel chacune desdites 
perforations est de forme triangulaire ayant deux 
c6tes paralleles au bord ext6rieur dudit empile- 15 
ment de cellules electrochimiques. 

9. Empilement de cellules electrochimiques selon 
la Revendication 1, dans lequel ledit electrolyte 
comprend des carbonates de metaux alcalins. 20 
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